Background/Aims: Little evidence is available about the effect of change in nonalcoholic fatty liver disease (NAFLD) status on risk of diabetes mellitus (DM) development. In this study, we tried to analyze the DM risk according to change in NAFLD status over time. Methods: Among a total of 10,141 individuals for whom routine healthcare assessment was performed, 2,726 subjects were selected according to the inclusion/exclusion criteria. NAFLD status change was determined by using serial abdominal ultrasonography and fatty liver index (FLI) during the follow-up period. Results: Subjects were categorized according to change in NAFLD status as follows: 670 subjects in the persistent NAFLD group, 155 subjects in the resolved NAFLD group, 498 subjects in the incident NAFLD group, and 1,403 subjects in the no NAFLD group. Multivariate Cox regression analysis revealed that incident NAFLD (hazard ratio [HR] In-depth insight into the role of NAFLD in the progress of metabolic diseases would be helpful to manage the metabolic risk of the patients with NAFLD. Among the metabolic diseases, diabetes mellitus (DM) is particularly a major medical concern of the 21st century. It is the one of the most important risk factors of cardiovascular disease and is the seventh leading cause of death in Western counties, affecting more than 10% of the adult population. 5, 6 Growing evidence suggests that NAFLD is strongly associated with type 2 DM. Several epidemiologic studies have shown that NAFLD detected by ultrasonography (US) could predict the development of incident DM. 7-10 Previous studies showed that individuals with NAFLD were at a higher risk of developing DM than those without NAFLD. 11,12 Actually, the factors affecting liver fat accumulation substantially overlap with the risk factors of DM; therefore, the strong positive correlation between NAFLD and DM is not surprising. However, there is limited evidence about the effect on risk of DM development according to change in NAFLD status over time (e.g., NAFLD development or resolution). Few cross-sectional studies have been performed to identify the relationship between changing NAFLD status and the incident DM risk. 13, 14 However, it remains unclear whether a change in NAFLD status over time could modify risk of future DM development. To identify the causality between change in NAFLD status and risk This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a prominent cause of chronic liver disease. 1, 2 Recently, the prevalence of NAFLD has increased dramatically worldwide, making it a major cause of liver-related morbidity and mortality. 2 Beyond the concerns associated with its involvement in liver diseases, NAFLD has also been highlighted as a hepatic manifestation of metabolic disease. 3, 4 In-depth insight into the role of NAFLD in the progress of metabolic diseases would be helpful to manage the metabolic risk of the patients with NAFLD. Among the metabolic diseases, diabetes mellitus (DM) is particularly a major medical concern of the 21st century. It is the one of the most important risk factors of cardiovascular disease and is the seventh leading cause of death in Western counties, affecting more than 10% of the adult population. 5, 6 Growing evidence suggests that NAFLD is strongly associated with type 2 DM. Several epidemiologic studies have shown that NAFLD detected by ultrasonography (US) could predict the development of incident DM. [7] [8] [9] [10] Previous studies showed that individuals with NAFLD were at a higher risk of developing DM than those without NAFLD. 11, 12 Actually, the factors affecting liver fat accumulation substantially overlap with the risk factors of DM; therefore, the strong positive correlation between NAFLD and DM is not surprising. However, there is limited evidence about the effect on risk of DM development according to change in NAFLD status over time (e.g., NAFLD development or resolution). Few cross-sectional studies have been performed to identify the relationship between changing NAFLD status and the incident DM risk.
of future DM development more precisely, well-designed longitudinal studies are warranted.
The aim of this study was to evaluate whether the resolution of or development of new NAFLD could affect the risk of future DM development compared to persistent NAFLD by analyzing 10-year follow-up results of routine healthcare assessment data.
MATERIALS AND METHODS

Study population
This retrospective study was conducted at the Health Promotion Center of the Ajou University Hospital, Suwon, South Korea. A total of 10,141 subjects for whom routine healthcare assessments were performed from January to December 2000 were reviewed, and the subjects who met any of the following exclusion criteria were excluded: hepatitis B antigen-positive, hepatitis C virus antibody-positive, history of any malignancies, presence of liver cirrhosis, excessive alcohol consumption (a threshold of 20 g/day for women and 30 g/day for men), DM history, and insufficient data for analysis. Among the remaining subjects after exclusion, only those who underwent follow-up abdominal US twice or more with available follow-up healthcare assessment data until December 2010 were included. Some of the included subjects were followed up regularly, while some of them were not. Finally, a total of 2,726 subjects without baseline DM were included and analyzed (Fig. 1) . The design and procedure of the present study was approved by the Institutional Review Board of the Ajou University Hospital, Suwon, South Korea (AJRIB-MED-OBS-16-287). The informed consent was waived.
Definition of terms
The diagnosis of NAFLD was based on the following criteria: (1) the evidence of steatosis using abdominal US, (2) exclusion of other causes of liver fat accumulation, such as significant alcohol consumption (20 g/day for women and 30 g/day for men), medications or hereditary disorders. 15, 16 The evidence of hepatic steatosis was confirmed when the liver displayed fine and bright echogenicity compared with that of the kidney on abdominal US. 17, 18 The included subjects were followed up until DM development. The subjects were categorized according to changes in NAFLD status over time during the follow-up period as follows: those who never had NAFLD during the follow-up period were categorized into the "no NAFLD group," those without NAFLD at baseline but with newly developed NAFLD on follow-up examination were categorized into the "incident NAFLD group," those with NAFLD at baseline and during follow-up period were categorized into the "persistent NAFLD group," and those with NAFLD at baseline but which resolved during following examination were assumed as the "resolved NAFLD group." Subjects were monitored for DM development during follow-up. The subjects who had fluctuation in NAFLD status were categorized according to NAFLD status of the first and last examination.
The included subjects were further divided according to body mass index (BMI) change for subgroup analysis. The subjects with increase BMI during follow-up were categorized into increased BMI group, while the subjects with decreased BMI during follow-up were categorized into decreased BMI group.
Diagnosis of DM was defined as fasting plasma glucose levels ≥126 mg/dL or hemoglobin A1c levels ≥6.5%. 19 In addition, the subjects who reported taking antidiabetic medications in a selfreported health survey were also presumed to have DM. Hypertension was diagnosed using the following cutoff values of blood pressure: ≥140 mm Hg/≥90 mm Hg, or the subjects who reported taking antihypertensive medications in a self-reported health survey were also presumed to have hypertension.
In this study, NAFLD status by fatty liver index (FLI) was additionally analyzed to check whether NAFLD status determined by another noninvasive marker could reproduce our results. FLI is a noninvasive marker based on four simple parameters, including BMI, waist circumference (WC), triglyceride (TG), and gamma-glutamyl transpeptidase (GGT), with a satisfactory range of performance for NAFLD diagnosis. 20 20 The cutoff value of FLI to diagnose NAFLD was ≥35 for men and ≥20 for women, which has been proposed for Asian subjects in several previous studies. 21, 22 3. Anthropometric and laboratory evaluation BMI was calculated as body weight (kg) divided by the square of the height (m), expressed in kg/m 2 . WC was measured midway between the lower rib margin and iliac crest with a measuring tape. 23 The cutoff values for high WC were 80 cm for women, and 90 cm for men according to the definition of central obesity in the Asian-Pacific area. 24 The value of baseline and follow-up serum aspartate transaminase, alanine transaminase (ALT), uric acid levels, fasting plasma glucose, total cholesterol, TG, high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol were collected. All laboratory markers were measured using a conventional automated analyzer. Data are presented as number (%) or mean±SD. NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; DM, diabetes mellitus. *p-value using Bonferroni as the post hoc analysis for comparing the groups divided by change in NAFLD status over time.
Statistical analysis
Statistical analysis was performed using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) and R software package R version 3.2.5 (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org/). Kaplan-Meier analysis was performed to compare the risk of incident diabetes development between the groups. Univariate and multivariate Cox regression analyses were performed to identify the risk factors associated with DM. The results are presented as hazard ratios (HR) with 95% confidence intervals (CI). Harrell's C-index was analyzed to assess the discriminatory power of the Cox models. The best model for predicting future DM risk was selected by considering the principle of parsimony and the discriminatory power of each model. For these exploratory analyses, a value of p<0.05 was considered significant.
RESULTS
Baseline characteristics of the subjects
A total of 2,726 subjects were included in this study. The baseline characteristics of the subjects are presented in Table 1 . The subjects comprised 1,571 men (57.6%) and 1,155 women (42.4%) aged 44.2±9.3 years. The median follow-up period was 62.2 months (range, 12.0 to 135.0 months). Among the 2,726 subjects, 825 subjects (30.3%) had NAFLD at baseline, and 1,901 subjects (69.7%) did not have NAFLD. The subjects were further divided according to the changes in the NAFLD status over time. Among 825 subjects with NAFLD at baseline, 155 (5.7%) and 670 (24.6%) were subdivided into the resolved NAFLD and persistent NAFLD groups, respectively. Among 1,901 subjects without NAFLD, 498 (18.3%) and 1,403 (51.5%) were subdivided into the incident NAFLD and no NAFLD groups, respectively. In the case of incident NAFLD, the median duration of NAFLD development was 37.0 months (range, 12.1 to 132.4 months).
The persistent NAFLD group was more likely to be maledominant and have individuals who were advanced in age, were current smokers, and had hypertension at baseline. The persistent NAFLD group showed higher BMI, WC, fasting plasma glucose, total cholesterol, TG, LDL cholesterol, aspartate transaminase, ALT, GGT, and uric acid levels than other groups.
Risk comparison of DM development according to baseline NAFLD status or change in NAFLD status over time
Among the included subjects, 141 (5.2%) were diagnosed with incident DM during follow-up. The cumulative risk of DM development was compared according to the baseline NAFLD status. Subjects with baseline NAFLD showed a significantly higher risk of future DM development than those without baseline NAFLD ( Fig. 2A) . Subjects without baseline NAFLD were subdivided into incident NAFLD and no NAFLD groups, while those with baseline NAFLD were subdivided into the persistent NAFLD and resolved NAFLD groups (Fig. 2B) . The risk of DM development was significantly higher in the persistent NAFLD group than in incident NAFLD and resolved NAFLD groups, whereas the no NAFLD group showed the lowest DM risk among the groups. However, there were no significant differences in the risk of DM development between the resolved NAFLD and no Kaplan-Meier curves of DM development between the groups categorized by change in NAFLD status over time (group 1, subjects who had no NAFLD; group 2, subjects with resolved NAFLD; group 3, subjects with incident NAFLD; and group 4, subjects with persistent NAFLD).
A
NAFLD groups (p=0.167) or between the resolved NAFLD and incident NAFLD groups (p=0.208).
Risk factors for incidence of DM and correlation with NAFLD status change in US over time
Cox regression analyses were performed to identify the risk factors for incident DM. In univariate analysis, old age, male sex, higher WC, high BMI, high fasting glucose, low HDL cholesterol, high LDL, higher uric acid (>6 mg/dL), underlying hypertension, higher ALT (≥19 U/L for women, ≥30 U/L for men), higher GGT (>60 U/L), changes in obesity status (normal to obese, obese to normal), incident NAFLD and persistent NAFLD were identified as significant risk factors for predicting DM development. Multivariate Cox regression analyses were performed by entering various combinations of the variables by considering clinical significances and the result of univariate analysis. Incident NAFLD and persistent NAFLD remained as independent risk factors for predicting incident DM development after adjusting for various confounding factors ( 
Subgroup analysis according to baseline BMI and BMI change
Subgroup analyses were performed to identify whether a Kaplan-Meier curves of DM development according to NAFLD status change in obese subjects. Group 1, subjects who had no NAFLD; group 2, subjects with resolved NAFLD; group 3, subjects with incident NAFLD; and group 4, subjects with persistent NAFLD.
5. Analysis for the incident DM risk according to the over time changes in the NAFLD status determined by FLI Fig. 5 shows Kaplan-Meier curves for a comparison of the incident DM risk between groups divided by NAFLD status changes which were assessed over time by FLI. According to the FLI findings, the persistent NAFLD groups showed the highest risk for incident DM development followed by incident NAFLD, resolved NAFLD, and no NAFLD groups. However, the FLI findings of the resolved NAFLD group did not differ significantly from those of the no NAFLD or incident NAFLD group. Table  4 shows HRs for DM development according to changes in the NAFLD status as assessed by FLI. Consequently, incident NAFLD and persistent NAFLD were independent risk factors for predicting incident DM development after adjusting for various confounding factors.
DISCUSSION
Considerable basic and clinical evidences suggest that liver fat accumulation plays a central role in developing insulin resistance. Liver fat accumulation causes oxidative stress and endoplasmic reticulum stress of hepatocytes, and eventually, it could lead to cell dysfunction and cell death from a phenomenon known as lipotoxicity. 25, 26 As liver is instrumental in insulin metabolism, hepatic oxidative stress and liver damage are likely to be important contributors to insulin resistance. 27 Insulin resistance is a major contributor of DM development. Many researchers have reported NAFLD as an important risk factor of incident DM. 7, [28] [29] [30] However, there is limited evidence about whether the resolution of NAFLD could lower the risk of future DM development or if newly developed NAFLD could increase the risk of future DM development. Herein, we evaluated the risk of future DM development according to changes in NAFLD status over time. Consequently, we revealed that the resolved NAFLD group has significantly lower future DM risk than the persistent NAFLD group, whereas the incident NAFLD group during follow-up has higher risk of future DM development than the no NAFLD group. Sung et al. 13 and Yamazaki et al. 14 reported that the resolution of NAFLD identified by US was associated with a lower risk of incident DM. Those researches were designed as cross-sectional cohort studies using odds ratio. They collected the data of DM and NAFLD status at the point of analysis, therefore it is difficult to identify whether the change in NAFLD status preceded DM or vice versa. Although odds ratio could suggest association between the events, it has limitation to explain causal relationship over time. Therefore, it was difficult to ascertain the causality between NAFLD status change and future DM development from the previous studies. To analyze the causal relationship of NAFLD status change and DM development more clearly, HR of NAFLD status change was calculated by analyzing the serial follow-up data in this study. The strength of this study is that this is the first study that performed the survival analysis to confirm a more precise causal relationship between the dynamic change of NAFLD and time to DM occurrence. Multivariate Cox regression model demonstrated that incident NAFLD and persistent NAFLD groups had 1.94-fold and 3.76-fold higher risk of future DM development, respectively, whereas the resolved NAFLD and no NAFLD groups did not significantly differ during follow-up in terms of the risk of future DM development. This result implies that in subjects with NAFLD, future DM risk can be reduced by reducing hepatic fat accumulation. Other identified risk factors in this study for DM development were higher fasting plasma glucose, older age, and increased ALT level. Higher fasting glucose level and increasing age are well-known risk factors of type 2 DM; 31 however, unlike well known risk factors such as obesity, fasting plasma glucose, and increasing age, higher ALT level, which represents hepatic necro-inflammatory activity, 32 has not been considered an important risk factor of type 2 DM. However, growing evidence indicates that elevated ALT is associated with higher future DM risk. 33, 34 In this study, the subjects with increased ALT level had 1.61-fold higher risk of future DM independently, and this is in agreement with previous studies which suggest that hepatic necro-inflammation plays a role in the pathogenesis of type 2 DM. 33, 34 We tried to reveal whether a change in NAFLD status influences the incident DM risk regardless of the baseline obesity status or BMI change over time. Interestingly, changes in the NAFLD status influenced future DM risk more significantly in the nonobese group than in the baseline-obese group. In the nonobese group, persistent NAFLD and incident NAFLD groups had 4.78-fold and 2.51-fold higher risk of DM development, respectively, while only persistent NAFLD showed 2.71-fold higher DM risk in the obese group. This result represents that change in NAFLD status was a more powerful predictor of future DM development in nonobese subjects than in obese subjects. This result is in agreement with previous studies reporting that hepatic fat accumulation in nonobese subjects was associated with insulin resistance independently of the presence of other component of metabolic syndrome. 35 We also revealed that a change in the NAFLD status could be an independent predictor of future DM development regardless of BMI change. Yamazaki et al. 14 demonstrated that NAFLD improvement showed protective effects for DM development only in subjects with BMI decrease and not in those with BMI increase. In the present study, the DM risk in the resolved NAFLD group was not significantly different from that of the no NAFLD group in subjects with increased or decreased BMI, whereas the persistent NAFLD and incident NAFLD groups had significantly higher DM development risks. This implies that NAFLD resolution could reduce future DM development risk regardless of BMI change. This result suggests that reduction of hepatic fat accumulation could be a key for the management of and preventing future DM development in NAFLD patients regardless of weight reduction. This study has several limitations. First, documentation of NAFLD status depended on retrospective chart review of US results without histological evaluation. It would be the main limitation of our study, because US is subjective and it is hard to detect mild fatty liver. To compensate for this limitation, FLI was applied for validation and we could confirm the results using US were reproduced by FLI. Considering that biopsy is not an easily accessible test due to the risk of possible complications, the result of the present study, which was acquired using easily accessible noninvasive tests such as US and FLI, may be more useful in clinical practice. Second, this study was designed as a retrospective cohort study, and detailed information about family history, physical activity and homeostatic model assessment for insulin resistance were not available although they have been known as important risk factor for DM development.
In conclusion, this study is the first longitudinal study to demonstrate that future DM risk could be modified by changes in the NAFLD status over time. The resolution of NAFLD status could reduce the risk of future DM development, while development of new NAFLD could increase the risk of DM develop- 
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